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Abstract
We study the di-photon rate in Higgs decays within singlet extensions of the
supersymmetric standard model. In particular we point out that light charginos
as well as a light charged Higgs can significantly contribute to the corresponding
partial decay width, allowing for an explanation of the experimental indication
whithin a natural supersymmetric model. This is in contrast to the ‘light stau
scenario’ proposed within the framework of the MSSM which requires a large
amount of electroweak fine tuning.
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1 Introduction
Recently both ATLAS [1] and CMS [2] have presented evidence for a new bosonic state
with mass m ∼ 125 GeV. While the data is consistent with the expectation from
a standard model (SM) Higgs, both experiments see indications for an excess in the
diphoton channel1, while the diboson decays into WW ∗ and ZZ∗ seem to be in accord
with the SM expectation. In particular the enhanced di-photon rate has attracted
much attention recently, see e.g. [4–17]. Within the minimal supersymmetric standard
model (MSSM) two possibilities to increase the rate pp→ h→ γγ have been discussed:
Higgs mixing effects can have an important impact on the diphoton rate, in particular
via a suppression of the coupling to down-type fermions, which leads to an effective
increase of the h → γγ channel [5]. However, this would also lead to an increase in
the branching fractions into WW ∗ and ZZ∗, which does not seem reflected in the data.
The second possibility is to increase the loop induced Higgs photon coupling via some
light charged states running in the loop. In the MSSM the only viable possibility was
found to be a very light and strongly mixed stau [18, 19], whereas the contributions
from the charged Higgs and charginos turn out to be negligible. While an interesting
proposal, the light stau scenario requires very large µ · tan β, which implies very large
corresponding electroweak fine-tuning.
The electroweak fine-tuning can be substantially alleviated in singlet extensions of
the MSSM, in part due to the new quartic Higgs coupling, giving an additional tree-
level mass contribution to the light Higgs. The GNMSSM [20] based on a discrete R
symmetry, ZR4 or Z
R
8 [21,22], was found to be particularly interesting in this context [23].
The aim of this letter is to point out that in singlet extensions of the MSSM the coupling
of the CP even neutral light Higgs to charginos as well as to the charged Higgs can be
strongly enhanced, leading to a sizeable increase in the h→ γγ rate. This allows for an
explanation of the enhanced rate within a much less fine-tuned scenario. We find that
this enhancement is rather sensitive to the value of the trilinear singlet-Higgs coupling
and is significant only for values of λ which become non-perturbative below the GUT
scale, corresponding to the well known scenario of λSUSY [24], which has been argued
to be favoured by fine-tuning considerations [25]. It has also been argued recently that
the unification of gauge couplings might even improve in such a setup [26]. In this letter
we don’t assume any particular UV completion but rather study the GNMSSM at the
electroweak scale.
This letter is organised as follows: In the next section we briefly review the partial
decay width of the Higgs boson h into two photons with a particular focus on the charged
1see however [3]
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Higgs and chargino contributions. To this end we will perform a simple analysis using
tree-level masses to highlight the main features. In Section 3 we will then perform a
complete numerical analysis at one-loop including the leading two-loop contributions in
the Higgs sector. Section 4 contains our summary and conclusions.
2 The h→ γγ partial decay width
To start our discussion let us briefly review the partial decay width of the Higgs boson
h into two photons within the MSSM and its singlet extensions. It can be written as
(see e.g. [27])
Γh→γγ =
Gµα
2m3h
128
√
2pi3
∣∣∣∣∑
f
NcQ
2
fghffA
h
1/2(τf ) + ghWWA
h
1(τW )
+
m2WghH+H−
2c2Wm
2
H±
Ah0(τH±)
+
∑
χ±i
2mW
mχ±i
ghχ+i χ
−
i
Ah1/2(τχ±i ) +
∑
f˜i
ghf˜if˜i
m2
f˜i
NcQ
2
f˜i
Ah0(τf˜i)
∣∣∣∣2 , (1)
corresponding to the contributions from charged SM fermions, W bosons, charged Higgs
and charginos as well as the contributions of charged sleptons and squarks. In the SM
the largest contribution is given by the W -loop, while the top-loop leads to a small
reduction of the decay rate. In this work we will focus in particular on the contributions
from charged Higgs and charginos running in the loop. From Eq. (1) it can be seen that
the contribution from the charginos is suppressed by mχ±i , while the contribution from
the charged Higgs is suppressed by m2H± . The amplitudes Ai at lowest order for the
spin–1, spin–1
2
and spin–0 particle contributions are given by [27]
Ah1/2(τ) = 2[τ + (τ − 1)f(τ)] τ−2
Ah1(τ) = −[2τ 2 + 3τ + 3(2τ − 1)f(τ)] τ−2
Ah0(τ) = −[τ − f(τ)] τ−2 (2)
with τi = m
2
h/4m
2
i and f(τ) = arcsin
2√τ for τ ≤ 1.
In the following we will analyse the partial Higgs decay width into two photons
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Figure 1: Left panel: size of the different contributions to the coupling ghH+H− proportional
to the down-fraction (red), up-fraction (blue) and singlet-fraction (green) as a function of λ.
Right panel: The overall coupling ghH+H− as a function of λ. Note, we have kept all rotation
matrices involved in the vertex constant to show only the dependences on λ. The values of
the additional parameters in both cases have been tanβ = 1.3, κ = 1.0, κAκ = −500 GeV,
λAλ = −25 GeV, vs = 282 GeV. We calculated the Higgs mixing matrices for λ = 1.0 and
obtained for the scalar Higgs Zhi ' (−0.23,−0.91, 0.35).
within a generalised version of the NMSSM, which has a superpotential of the form
W = WYukawa + 1
3
κS3 + (µ+ λS)HuHd + ξS +
1
2
µsS
2 (3)
≡ WNMSSM + µHuHd + ξS + 1
2
µsS
2 (4)
where WYukawa is the MSSM superpotential generating the SM Yukawa couplings and
WNMSSM corresponds to the normal NMSSM with a Z3 symmetry. We use the freedom
to shift the vev vs to set the linear term in S in the superpotential to zero, ξ = 0. Such
a superpotential can arise from an underlying ZR4 or Z
R
8 symmetry as discussed in [22].
The corresponding general soft SUSY breaking terms associated with the Higgs and
singlet sectors are given by
Vsoft = m
2
s|s|2 +m2hu|hu|2 +m2hd |hd|2
+
(
bµ huhd + λAλshuhd +
1
3
κAκs
3 +
1
2
bss
2 + ξss+ h.c.
)
. (5)
We give the mass matrices of the neutral and charged Higgs particles as well as of the
neutralino and chargino in Appendix A. For more details on the model, see [23]. The
MSSM or NMSSM limits can easily be obtained by setting the appropriate parameters
to zero.
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2.1 Enhancing the di-photon rate with a charged Higgs
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Figure 2: Approximate analysis at tree level in the (mH± , λ) plane. Left panel: partial di-
photon width from the charged Higgs normalized to the SM (top and W ) contributions. Right
panel: tree-level mass of the light doublet Higgs. The input parameters have been tanβ = 1.3,
κ = 1.1, µeff = 220 GeV and κAκ = −500 GeV.
The coupling ghH+H− in the GNMSSM is given by (taking all parameters real for
simplicity)
ghH+H− =
i
4
{
v cos β
[
2(λ2 − g22) + (g21 + g22 − 2λ2) cos 2β
]
Zh1
− v sin β
[
2(g22 − λ2) + (g21 + g22 − 2λ2) cos 2β
]
Zh2
− 4λ
[
vsλ+
√
2µ+ ( 1√
2
(Aλ + µs) + vsκ) sin 2β
]
Zh3
}
(6)
where Zhi denote the entries of the Higgs mixing matrix in the (hd, hu, s)-basis.
In the MSSM limit the charged Higgs often reduces the effective coupling of the Higgs
to two photons because of negative interference with the others contributions: the sign
of the interaction is fixed by the electroweak parameters (tan β, g1, g2,MZ) and the Higgs
mixing angle. In the (G)NMSSM, new contributions proportional to λ2 and other singlet
parameters arise. The terms proportional to the additional singlet parameters couple to
the singlet fraction of the light Higgs. Since we are interested in a mostly SM-like Higgs
4
with only a subleading singlet fraction, the new terms proportional to λ2 will be most
important. Note that the enhancement due to λ is present even if there is no doublet
singlet mixing at all. The coupling ghH+H− as a function of λ is shown in Figure 1. It
can be seen that ghH+H− can be significantly enhanced, leading to a correspondingly
enhanced partial di-photon width. This is shown in Figure 2 as a function of λ and
mH± . To use the tree-level mass of the charged Higgs directly as input, we solved for
Aλ,
Aλ =
1
4
√
2λvs
(
−4vs(
√
2µs + vsκ)λ− 8bµ+ (4m2H± − v2(g22 − 2λ2)) sin(2β)
)
. (7)
While Aλ is often chosen such that in the NMSSM the doublet-singlet mixing in the CP
even Higgs sector is reduced, this freedom is lost by this approach. However, it turns
out that the singlet fraction can be kept small by utilising the additional GNMSSM
parameters, e.g. by choosing moderate finite values of µ as shown in Figure 3.
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Figure 3: Singlet fraction (left) and tree level mass (right) of the light Higgs doublet as a
function of λ. The blue dashed line shows the NMSSM case (µ = 0), while for the red line
µ = −100 GeV was used. The other parameters are tanβ = 1.5, κ = 1.2, vs = 240 GeV,
mH± = 165 GeV.
2.2 Enhancing the di-photon rate with charginos
The chargino - Higgs vertex χ˜−i (PLg
L + PRg
R)χ˜+j h can be expressed as
gL
χ˜−i χ˜
+
j h
= − i 1√
2
(
g2V
∗
j1U
∗
i2Z
h
2 + V
∗
j2
(
g2U
∗
i1Z
h
1 + λU
∗
i2Z
h
3
))
, (8)
gR
χ˜−i χ˜
+
j h
= (gL
χ˜−i χ˜
+
j h
)∗ . (9)
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Figure 4: The chargino couplings as a function of λ. The dashed, blue line is for the wino-
like chargino and the red, dotted line for the Higgsino-like chargino. Note, to show only the
dependence on λ, we kept the involved rotation matrices in the vertex constant for all values
of λ. The Higgs and chargino mixing matrices have been calculated using the input values
tanβ = 1.3, λ = 0.8, κ = 0.9, λAλ = 23 GeV, κAκ = −400 GeV, vs = 265 GeV, M2 = 2 TeV,
and all non-NMSSM parameters have been set to zero. This leads to Zh ' (0.61, 0.72, 0.32).
The unitary matrices which diagonalise the chargino mass matrix can be expressed by
two rotation matrices with the angles Ψ and Φ. For the interaction of the light chargino
we can write explicitly
gL
χ˜−i χ˜
+
j h
= − i√
2
{
g2(cos Ψ sin ΦZ
h
1 + sin Ψ cos ΦZ
h
2 ) + λ sin Ψ sin ΦZ
h
3
}
. (10)
The first observation is that unlike in the case of the charged Higgs, the couplings to
the neutral doublet Higgs components are MSSM like and additional terms appear only
due to mixing with the singlet state. To get more insight in this expression we can take
the limit tan β → 1 for which Φ ∼ Ψ, leading to
gL
χ˜−i χ˜
+
j h
= − i√
2
(
g2 cos Ψ sin Ψ(Z
h
1 + Z
h
2 ) + λ sin
2 ΨZh3
)
. (11)
There are two limits of interest:
• The light chargino is mostly wino-like (Ψ→ 0): the coupling to the Higgs is very
suppressed.
• The light chargino is a Higgsino: (Ψ→ pi/2): the first term vanishes and depending
and the sign of λ and Zh3 the second term can contribute positively or negatively.
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The coupling gχ˜−i χ˜
+
j h
as a function of λ is shown in Figure 4 for the wino and Higgsino
limit. The corresponding enhancement of the partial di-photon width due to the light
chargino relative to the SM contributions as well as the tree-level mass of the light Higgs
are shown in Figure 5. It can be seen that for light charginos and large values of λ, the
chargino loop can be several times larger than the sum of the top and W -boson.
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Figure 5: Approximate analysis at tree level in the (mχ˜+1
, λ) plane. Left panel: partial di-
photon width from the chargino normalised to the top and W contributions. Right panel:
tree-level mass of the light doublet Higgs. The other parameters are tanβ = 1.2, κ = 1.1,
mH± = 180 GeV and κAκ = −500 GeV.
It has recently be pointed out that the chargino loop can also be important in SU(2)L
triplet extensions of the MSSM [28]. Similarly to our case, also there large superpotential
couplings between the Higgs and the triplets must be present to generate a large enough
loop contribution.
3 Analysis including the Higgs mass and other con-
straints
After we have discussed the basic principle in the last section at tree-level, we turn now
to a full-fledged numerical analysis. Given that we try to explain an enhanced Higgs
branching ratio into two photons with rather light charged particles in the loop, we have
to be careful not to cause dangerous contributions to precision observables. This leads
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to additional constraints on the model. The most important observables are briefly
discussed in the following:
Anomalous magnetic moment of the muon: (g − 2)µ of the muon is almost or-
thogonal to the di-photon rate in our setup, in contrast to what was argued in the
MSSM light stau scenario with slepton mass universality [29]. The reason is that the
slepton masses and mixings and correspondingly g − 2 can be changed without chang-
ing the di-photon rate. While it can happen that there are large contributions from
pseudoscalars [30, 31], these contributions can always be cancelled against the slepton
contributions.
ρ - parameter: the term λSHuHd breaks the custodial SU(2)L present in the MSSM
and SM. In general this can cause large contributions for instance to δρ = 1 − ρ =
ΠWW (0)
m2W
− ΠZZ(0)
m2Z
where ΠZZ , ΠWW are the self-energies of the massive vector bosons.
However, the size of the contributions caused by the singlet interaction is much smaller
than in the case of a triplet interaction λTHuTHd and usually save [28,32].
Top decays: A light charged Higgs boson can open new decay channels of the top
quark like t → H+b → be+ν. Recent searches at the LHC put upper bounds on the
BR(t→ H+b) in the range of 2-3% [33,34].
Radiative b decay: a very severe constraint comes from BR(b→ sγ), which we will
therefore discuss in a bit more detail.2 The ratio of SUSY to SM contributions can be
written as [35–38]
R ≡ BR(b→ sγ)SUSY
BR(b→ sγ)SM ' 1− 2.55∆C7 + 1.57(∆C7)
2 , (12)
where ∆C7 are the new physics contributions to the Wilson coefficient of the electro-
magnetic dipole operator (in our case mainly due to the charged Higgs and chargino
states). Adding to the uncertainty of the SM prediction Br(B → Xsγ)SM = (3.15 ±
0.23) · 10−4 [36, 37] an intrinsic SUSY error of 0.15 as well as the error of the experi-
mental world average Br(B → Xsγ)exp = (3.43± 0.22) · 10−4 [40], leads to the following
95% CL bound
R = [0.87, 1.31] . (13)
2We would like to thank U. Haisch for illuminating discussions on this point.
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In the limit of a pure Higgsino-like chargino and a decoupled wino, these contributions
can be approximated by
∆CH
+
7 '
1
tan2 β
f1(m
2
t/m
2
H+) + f2(m
2
t/m
2
H+) , (14)
∆C χ˜
+
7 ' −
m2t
m2
t˜
M22
µ2eff
f1(m
2
t˜/M
2
2 )− µXt tan β
m2t
m4
t˜
M22
µ2eff
f3(m
2
t˜/M
2
2 ) , (15)
with Xt = At − µeff/ tan β and loop functions [41,42]
f1(x) =
7x− 5x2 − 8x3
72(x− 1)3 +
3x3 − 2x2
12(x− 1)4 lnx ,
f2(x) =
3x− 5x2
12(x− 1)2 +
3x2 − 2x
6(x− 1)3 lnx ,
f3(x) =
7x2 − 13x3
12(x− 1)3 +
3x4 + 2x3 − 2x2
6(x− 1)4 lnx . (16)
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Figure 6: The ratio R as a function of the chargino mass and the charged Higgs mass (left)
and stop mass (right). In both plots Xt = 0, M2 = 2 TeV and tanβ = 1 have been used.
While the charged Higgs loop depends only on the mass of the Higgs (and the top
quark), the chargino loop depends on the stop sector as well as on the wino mass M2
in addition. In order to evade the experimental bound on R either the charged Higgs
has to be sufficiently heavy, or there has to be a cancellation between the contributions
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from the charged Higgs and the chargino. To maximize the chargino loop, M2 has to
be large and light stops are needed. Figure 6 shows the value of R as a function of the
chargino and charged Higgs as well as the stop mass, to illustrate the contraints from
b → sγ. It can be seen that mχ˜+ has to be smaller than mH+ unless mH+ & 350 GeV.
Typically the main contribution to the di-photon rate will therefore originate from the
charginos.
To calculate the Higgs mass, the diphoton rate as well as the precision observables,
we use the SPheno version [43, 44] for the GNMSSM created by SARAH [45–48] which
has been presented in [23]. This version performs a complete one-loop calculation of all
SUSY and Higgs masses [49,50] and includes the dominant two-loop corrections for the
scalar Higgs masses [51–54]. In addition, it calculates observables like b→ sγ and g− 2
for the given model with the same precision as in the MSSM including all possible new
contributions. We performed an analysis in terms of the low-energy variables and fixed
the slepton soft-breaking mass squareds of the first two generations to 5 · 105 GeV2 and
those of the third generation to 105 GeV2. In the squark sector we used 5 · 106 GeV2 for
the first two generations, and 106 GeV2 for the third one. Finally, all MSSM A-terms
except At were put to zero.
In our scan we searched for parameter values which realise a significant enhancement
of pp → h → γγ due to light charginos in the loop, taking into account both Higgs
production and branching ratios.
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Figure 7: Full one-loop evaluation of the ratio of the partial di-photon width from the charginos
(left) and charged Higgs (middle) normalised to the standard model like contribution in the
(tanβ, λ)-plane. The right figure shows the corresponding value of R as calculated by SPheno.
The red line corresponds to a light Higgs mass of 125 GeV with ±3 GeV indicated by the
dashed lines. In both plots the other parameters were fixed to the values given in Eq. (17).
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As an example we present a benchmark point with the following input parameters,
κ = 0.2 , λAλ = 330 GeV , κAκ = 14 GeV , vs = 166 GeV ,
µ = −21 GeV , µS = 68 GeV , bµ = 3151 GeV2 , AtYt = −432 GeV (17)
and gaugino masses of M2 = 2 ·M1 = 2 TeV, M3 = 1.4 TeV. Note that M3 has just
been chosen to fulfil the current constraint from direct searches, but the concrete value
has only a small impact on our discussion. A point with another value of M3 fulfilling
M3 > M2 > M1 would have worked equally well. Let us start with looking at the
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Figure 8: Full one-loop Higgs production cross section times branching into γγ (left) and WW ∗
(right) in the (tanβ, λ)-plane. The red line corresponds to a light Higgs mass of 125 GeV with
±3 GeV indicated by the dashed lines. It can be seen that a significant enhancement in the
γγ channel is possible with the WW ∗ channel SM-like. The other parameters are given in the
text.
relative contributions of the chargino: the results for the partial di-photon width due to
the chargino loop normalised to the standard model contributions is shown in Figure 7.
It can be seen that for e.g. tan β ∼ 2.3 and λ ∼ 1.3 the chargino loop adds more than
50% to the SM contribution. In Figure 8 we show the corresponding Higgs production
cross section (from gluon and vector boson fusion) times branching ratio for the channels
γγ and WW ∗, normalised to the SM. We see that for tan β ∼ 2.3 and λ ∼ 1.3 we obtain
an enhancement in the diphoton rate of about 50% while the corresponding ratio for
WW ∗ production is roughly 1. Also the Higgs mass is in the preferred range of 122-
128 GeV as indicated by the dashed red lines. For this point the charged Higgs mass is
mH+ = 323 GeV while the chargino mass is mχ˜+1 = 128 GeV.
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4 Summary and Conclusions
In this article we have shown that loops involving light charged Higgs as well as chargino
states, while negligible within the framework of the MSSM, can significantly contribute
to the partial Higgs di-photon decay width in MSSM singlet extensions. Such an en-
hancement typically requires rather large values of the doublet-singlet coupling λ, cor-
responding to the well-known λSUSY scenario. What is particularly interesting about
our findings is that large λ is preferred independently from the recent experimental in-
dications in the Higgs sector, as it enhances the tree-level Higgs mass and alleviates the
electroweak fine tuning.
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A Mass matrices
After electroweak symmetry breaking, the Higgs fields are decomposed as follows:
H0d =
1√
2
(hd + vd + iσd) (18)
H0u =
1√
2
(hu + vu + iσu) (19)
S =
1√
2
(s+ vs + iσs) (20)
• Mass matrix for CP even Higgs
The matrix for the CP even Higgs can be written in the basis (hd, hu, s)
T as
m2h =
 mdd mdu mdsmdu muu mus
mds mus mss
 (21)
12
with
mdd =
1
8
(
8m2Hd + 3g
2
1v
2
d + 3g
2
2v
2
d − g21v2u − g22v2u + 4
(√
2vsµ+ v
2
sλ+ v
2
uλ
)
λ∗
+ 4
(
2µ+
√
2vsλ
)
µ∗
)
(22)
mdu =
1
4
(
− g21vdvu − g22vdvu + 4vdvu|λ|2 − 2λξ∗ −
√
2vsλµ
∗
s − v2sλκ∗ − 2ξλ∗
−
√
2µsvsλ
∗ − v2sκλ∗ −
√
2vs(λAλ)
∗ − 4<
(
bµ
)
−
√
2vsλAλ
)
(23)
muu =
1
8
(
8m2Hu − g21v2d − g22v2d + 3g21v2u + 3g22v2u + 4
(
v2dλ+ vs
(√
2µ+ vsλ
))
λ∗
+ 4
(
2µ+
√
2vsλ
)
µ∗
)
(24)
mds =
1
4
(
4vdvs|λ|2 −
√
2vuλµ
∗
s − 2vsvuλκ∗ −
√
2µsvuλ
∗ − 2vsvuκλ∗ + 2
√
2vdµλ
∗
+ 2
√
2vdλµ
∗ − 2
√
2vu<
(
λAλ
))
(25)
mus =
1
4
(
4vsvu|λ|2 −
√
2vdλµ
∗
s − 2vdvsλκ∗ −
√
2µsvdλ
∗ − 2vdvsκλ∗ + 2
√
2vuµλ
∗
+ 2
√
2vuλµ
∗ − 2
√
2vd<
(
λAλ
))
(26)
mss =
1
2
(
2m2S + 6v
2
s |κ|2 + v2d|λ|2 + v2u|λ|2 + 2κξ∗ +
(
2µs + 3
√
2vsκ
)
µ∗s
+ 2ξκ∗ + 3
√
2µsvsκ
∗ − vdvuλκ∗ − vdvuκλ∗ +
√
2vs(κAκ)
∗ + 2<
(
bs
)
+
√
2vs(κAκ)
)
(27)
This matrix is diagonalized by an unitary matrix ZH as
ZHm2hZ
H,† = m2h,diag (28)
• Mass matrix for CP odd Higgs
The matrix for the CP odd Higgs reads in the basis (σd, σu, σs)
T
m2A0 =
 mdd mdu mdsmdu muu mus
mds mus mss
 (29)
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with
mdd =
1
8
(
8m2Hd + g
2
1v
2
d + g
2
2v
2
d − g21v2u − g22v2u + 4
(√
2vsµ+ v
2
sλ+ v
2
uλ
)
λ∗
+ 4
(
2µ+
√
2vsλ
)
µ∗
)
(30)
mdu =
1
4
(
2ξλ∗ + 2λξ∗ + 4<
(
bµ
)
+
√
2µsvsλ
∗ +
√
2vsλµ
∗
s
+
√
2vsλAλ +
√
2vs(λAλ)
∗ + v2sκλ
∗ + v2sλκ
∗
)
(31)
muu =
1
8
(
8m2Hu − g21v2d − g22v2d + g21v2u + g22v2u + 4
(
v2dλ+ vs
(√
2µ+ vsλ
))
λ∗
+ 4
(
2µ+
√
2vsλ
)
µ∗
)
(32)
mds = −1
4
vu
(
− 2
√
2<
(
λAλ
)
+ 2vsκλ
∗ + 2vsλκ∗ +
√
2λµ∗s +
√
2µsλ
∗
)
(33)
mus = −1
4
vd
(
− 2
√
2<
(
λAλ
)
+ 2vsκλ
∗ + 2vsλκ∗ +
√
2λµ∗s +
√
2µsλ
∗
)
(34)
mss =
1
2
(
2m2S + 2v
2
s |κ|2 + v2d|λ|2 + v2u|λ|2 − 2κξ∗ +
(
2µs +
√
2vsκ
)
µ∗s (35)
− 2ξκ∗ +
√
2µsvsκ
∗ + vdvuλκ∗ + vdvuκλ∗ −
√
2vs(κAκ)
∗ − 2<
(
bs
)
−
√
2vs(κAκ)
)
This matrix is diagonalized by ZA:
ZAm2A0Z
A,† = m2A0,diag (36)
• Mass matrix for charged Higgs
The charged Higgs mass matrix reads in the basis
(
H−d , H
+,∗
u
)T
m2H− =
(
mdd m
∗
du
mdu muu
)
(37)
with
mdd =
1
8
(
4
(
2µ+
√
2vsλ
)
µ∗ + 4vs
(√
2µ+ vsλ
)
λ∗ + 8m2Hd + (g
2
1 + g
2
2)(v
2
d + v
2
u)
)
(38)
mdu =
1
4
(
2
(
2ξ +
√
2µsvs − vdvuλ+ v2sκ
)
λ∗ + 2
√
2vs(λAλ)
∗ + 4bµ∗ + g22vdvu
)
(39)
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muu =
1
8
(
4
(
2µ+
√
2vsλ
)
µ∗ + 4vs
(√
2µ+ vsλ
)
λ∗ + 8m2Hu − (g21 + g22)(v2d + v2u)
)
(40)
This matrix is diagonalized by Z+:
Z+m2H−Z
+,† = m2H−,diag (41)
• Mass matrix for Neutralinos
The neutralino mass matrix reads in the basis:
(
λB˜, W˜
0, H˜0d , H˜
0
u, S˜
)T
mχ˜0 =

M1 0 −12g1vd 12g1vu 0
0 M2
1
2
g2vd −12g2vu 0−1
2
g1vd
1
2
g2vd 0 − 1√2vsλ− µ − 1√2vuλ
1
2
g1vu −12g2vu − 1√2vsλ− µ 0 − 1√2vdλ
0 0 − 1√
2
vuλ − 1√2vdλ
√
2vsκ+ µs
 (42)
This matrix is diagonalized by N :
Nmχ˜0N
† = mdiaχ˜0 (43)
• Mass matrix for Charginos
The chargino mass matrix reads in the basis
(
W˜−, H˜−d
)T
/
(
W˜+, H˜+u
)
mχ˜− =
(
M2
1√
2
g2vu
1√
2
g2vd
1√
2
vsλ+ µ
)
(44)
To diagoanlize this non-symmetric matrix two unitary matrices U and V are
needed:
U∗mχ˜−V † = mdiaχ˜− (45)
15
References
[1] ATLAS Collaboration, ATLAS-CONF-2012-093.
[2] CMS Collaboration, CMS-PAS-HIG-12-020.
[3] T. Plehn and M. Rauch, (2012), 1207.6108.
[4] U. Ellwanger, JHEP 1203 (2012), 044, [1112.3548].
[5] V. Barger, M. Ishida, and W.-Y. Keung, (2012), 1207.0779.
[6] M. Carena, I. Low, and C. E. Wagner, (2012), 1206.1082.
[7] D. S. Alves, P. J. Fox, and N. J. Weiner, (2012), 1207.5499.
[8] N. Bonne and G. Moreau, (2012), 1206.3360.
[9] B. Bellazzini, C. Petersson, and R. Torre, (2012), 1207.0803.
[10] M. R. Buckley and D. Hooper, (2012), 1207.1445.
[11] H. An, T. Liu, and L.-T. Wang, (2012), 1207.2473.
[12] A. G. Cohen and M. Schmaltz, (2012), 1207.3495.
[13] A. Alves, A. Dias, E. R. Barreto, C. S. Pires, F. S. Queiroz, et al., (2012), 1207.3699.
[14] A. Joglekar, P. Schwaller, and C. E. Wagner, (2012), 1207.4235.
[15] N. Haba, K. Kaneta, Y. Mimura, and R. Takahashi, (2012), 1207.5102.
[16] L. G. Almeida, E. Bertuzzo, P. A. Machado, and R. Z. Funchal, (2012), 1207.5254.
[17] R. Benbrik, M. G. Bock, S. Heinemeyer, O. Stal, G. Weiglein, et al., (2012),
1207.1096.
[18] M. Carena, S. Gori, N. R. Shah, and C. E. Wagner, JHEP 1203 (2012), 014,
[1112.3336].
[19] M. Carena, S. Gori, N. R. Shah, C. E. Wagner, and L.-T. Wang, JHEP 1207
(2012), 175, [1205.5842].
[20] G. G. Ross and K. Schmidt-Hoberg, (2011), 1108.1284.
16
[21] H. M. Lee et al., Phys. Lett. B694 (2011), 491–495, [1009.0905].
[22] H. M. Lee et al., Nucl. Phys. B850 (2011), 1–30, [1102.3595].
[23] G. G. Ross, K. Schmidt-Hoberg, and F. Staub, (2012), 1205.1509.
[24] R. Barbieri, L. J. Hall, Y. Nomura, and V. S. Rychkov, Phys.Rev. D75 (2007),
035007, [hep-ph/0607332].
[25] L. J. Hall, D. Pinner, and J. T. Ruderman, (2011), 1112.2703.
[26] E. Hardy, J. March-Russell, and J. Unwin, (2012), 1207.1435.
[27] A. Djouadi, Phys.Rept. 459 (2008), 1–241, [hep-ph/0503173].
[28] A. Delgado, G. Nardini, and M. Quiros, (2012), 1207.6596.
[29] G. F. Giudice, P. Paradisi, and A. Strumia, (2012), 1207.6393.
[30] J. P. Leveille, Nucl.Phys. B137 (1978), 63.
[31] G. Giudice, P. Paradisi, and M. Passera, (2012), 1208.6583.
[32] A. E. Nelson, N. Rius, V. Sanz, and M. Unsal, JHEP 0208 (2002), 039, [hep-
ph/0206102].
[33] ATLAS Collaboration, G. Aad et al., JHEP 1206 (2012), 039, [1204.2760].
[34] CMS Collaboration, S. Chatrchyan et al., JHEP 1207 (2012), 143, [1205.5736].
[35] M. Misiak and M. Steinhauser, Nucl.Phys. B683 (2004), 277–305, [hep-
ph/0401041].
[36] M. Misiak and M. Steinhauser, Nucl.Phys. B764 (2007), 62–82, [hep-ph/0609241].
[37] M. Misiak, H. Asatrian, K. Bieri, M. Czakon, A. Czarnecki, et al., Phys.Rev.Lett.
98 (2007), 022002, [hep-ph/0609232].
[38] A. Freitas and U. Haisch, Phys.Rev. D77 (2008), 093008, [0801.4346].
[39] LHCb Collaboration, S. Stone, New Physics from Flavour, 2012.
[40] Heavy Flavor Averaging Group, Y. Amhis et al., (2012), 1207.1158.
17
[41] R. Barbieri and G. Giudice, Phys.Lett. B309 (1993), 86–90, [hep-ph/9303270].
[42] U. Haisch, Private communication.
[43] W. Porod, Comput.Phys.Commun. 153 (2003), 275–315, [hep-ph/0301101].
[44] W. Porod and F. Staub, (2011), 1104.1573.
[45] F. Staub, (2008), 0806.0538.
[46] F. Staub, Comput.Phys.Commun. 181 (2010), 1077–1086, [0909.2863].
[47] F. Staub, Comput.Phys.Commun. 182 (2011), 808–833, [1002.0840].
[48] F. Staub, (2012), 1207.0906.
[49] D. M. Pierce, J. A. Bagger, K. T. Matchev, and R.-j. Zhang, Nucl.Phys. B491
(1997), 3–67, [hep-ph/9606211].
[50] F. Staub, W. Porod, and B. Herrmann, JHEP 1010 (2010), 040, [1007.4049].
[51] A. Dedes, G. Degrassi, and P. Slavich, Nucl.Phys. B672 (2003), 144–162, [hep-
ph/0305127].
[52] A. Dedes and P. Slavich, Nucl.Phys. B657 (2003), 333–354, [hep-ph/0212132].
[53] A. Brignole, G. Degrassi, P. Slavich, and F. Zwirner, Nucl.Phys. B643 (2002),
79–92, [hep-ph/0206101].
[54] A. Brignole, G. Degrassi, P. Slavich, and F. Zwirner, Nucl.Phys. B631 (2002),
195–218, [hep-ph/0112177].
18
